Abstract
Introduction
Spain is one of the European countries with the greatest proportion of elderly persons. Seventeen percent of the Spanish population were over 65 years old in 2000. This percentage is currently even greater (24%) in the Spanish province of Leó n, where 21% of the men and 26% of the women surpass that age [1] . These numbers obviously reflect both birth and death rates, but are also undoubtedly influenced by factors such as lifestyle and diet. Overall mortality rates and incidences of some chronic diseases are still relatively low in Spain [2] .
The Mediterranean diet, due to its high content in vegetables, fruit, fish and olive oil and its moderate meat and dairy product component, contributes to the prevention of chronic illnesses such as cardiovascular disease, hypertension, obesity, diabetes, cancer and osteoporosis [3] [4] [5] . Although no one single Mediterranean diet exists, it is widely accepted that inhabitants of all the Mediterranean countries share similar dietary habits [6] [7] [8] .
Damage accumulation theories of aging point out that cellular components accumulate affecting cellular functions. Supplying appropriate quantities of micronutrients, including antioxidant vitamins and trace elements, can prevent free radical accumulation and damage. Mineral accumulation in some organs and variations in the normal body distribution of minerals may be related with degenerative diseases. For example, elderly persons lose calcium and magnesium from bone but tend to accumulate these minerals in the arteries; increased storage of iron in the liver has been associated with the formation of free radicals and hypercholesterolemia [9] .
Vitamin deficiencies in the elderly have been associated with osteoporosis [10] , cataracts, and macular degeneration [11] [12] [13] , among other disorders. Calcium deficiency is mainly associated with bone resorption [10] , while magnesium deficiency increases muscle catabolism and cardiovascular risk [14, 15] . Moreover, the elderly are prone to iron deficiency anemia as well as to zinc deficiency [9, 16] .
Micronutrient deficiencies in the elderly arise from insufficient intake and/or failure of the mechanisms of absorption and conversion into active metabolic forms. Micronutrients are clearly implicated in the aging process and in turn aging affects their bioavailability. In addition, several micronutrients seem to be involved in the decline in cognitive function of the elderly [17] and mental deterioration can modify nutritional status through low appetite, abnormal behavior, etc.
A number of studies indicate that the frequency of malnutrition observed in institutionalized elderly persons is higher than in those who live independently and is mostly due to disabilities and decreased physical activity [9, 16, 18] . Malnutrition may negatively affect quality of life, disease progression and cognitive status [17] . Although dietary energy needs decrease with age, and overall intake should be limited, the elderly should consume nutrientdense diets in order to prevent micronutrient deficiencies. The most common deficiencies in the elderly have been documented for zinc [19] , magnesium, calcium and vitamin D [20, 21] .
The present study aimed to assess in institutionalized elderly persons who consumed a Mediterranean diet (i) the intake of food, energy, macronutrients, minerals and vitamins; (ii) the nutritional status of these persons according to anthropometric, hematological and biochemical parameters, and (iii) the differences in dietary intake and nutritional status with regard to gender.
Subjects and Methods

Elderly Participants
Elderly subjects were recruited from four retirement homes of El Bierzo County (Leó n, Spain). Eligible candidates were those who were apparently healthy, without signs of serious illnesses. Exclusion criteria included previous cardiovascular, metabolic or systemic disease, disability, dementia, and therapeutic diet. Forty-five elderly men and 65 elderly women participated in the study. Participants lived in their retirement homes where they received full personal attention, board and lodging. Residents of these homes also participated in an activity program to avoid rapid loss of their mental and physical capacities. The average daily physical activity of study volunteers was classified as light. Basal metabolic rate (BMR), age, body weight and body mass index (BMI) of subjects are summarized in table 1. The study protocol was approved by the Board of Directors of each home and the Castilla-Leó n Health Board, and carried out in accordance with the Helsinki Declaration and with the consent of each participant.
Experimental Design
The study design is a cross-sectional observational investigation in institutionalized elderly people from El Bierzo County (Leó n, Spain). Nutritional status was evaluated by dietary assessment and determination of several vitamins and minerals serum levels.
Dietary Assessment
The diet of the study participants was assessed using the 'precise weighing method' [22] over a 7-day period in which the daily menu varied. All ingredients used in food preparation were weighed. Weights of the individual cooked portions and table waste were also recorded. Energy and nutrient intakes were calculated using food composition tables for the raw weights of the foodstuffs [23] . A dietician was present in each kitchen daily during meal preparation and consumption.
Anthropometric Measures
Trained personnel obtained body weight and height using standardized methodology. Body weight was measured to the nearest 0.1 kg using a calibrated balance scale, before breakfast and after emptying the bladder. Subjects were weighed wearing only light undergarments. Standing body height was measured to the nearest 0.1 cm using a Microtoise fixed to the wall. The BMI (body weight/ height 2 , kg/m 2 ) and BMR [24] of each study participant were calculated.
Laboratory Analyses
After overnight fasting (12 h) Plasma glucose and total cholesterol were determined by standard enzymatic methods (Boehringer, Germany). Serum ferritin was determined by ELISA (DS Labs, UK) and serum minerals by atomic absorption spectrometry with a Perkin-Elmer 1100B (Norwalk, Conn., USA) using 0.5% lanthanum (lanthanum chloride, E. Merck) to avoid interferences in the case of calcium and magnesium. Serum retinol and ·-tocopherol were determined using reverse-phase HPLC (Kontron, Zürich, Switzerland) according to the method of Hess et al. [25] . A range of blood controls giving low, medium and high values, provided by the corresponding test manufacturer, were run prior to analytical use.
Statistical Analysis
Parametric tests were used for all variables except 'alcoholic beverages' and 'alcohol'. The latter were coded and analyzed as nominal data with the ¯2 test. Arcsen transformations of values expressed as percentage of energy were used. The effects of gender on dietary intake and hematological parameters were tested by analysis of variance (ANOVA) using age as a covariant. Pearson product-moment correlations between dietary and serum data were tested. Statistical significance was set at p ! 0.05. The SPSS statistical package (version 11.0, Chicago, Ill., USA) was used to analyze the data.
Results
Subjects' characteristics are shown in table 1. Females were significantly older (p ! 0.01) and shorter (p ! 0.001) than males. Men weighed more (p ! 0.001) and had a higher BMR (p ! 0.05). However, no significant differences were observed with regard to the BMI. Table 2 presents the food intake of men and women. Male participants consumed significantly more legumes (p ! 0.001), fruit (p ! 0.01), meat (p ! 0.05), and alcoholic beverages (p ! 0.01), but displayed a lower vegetable intake (p ! 0.001) than women. Accordingly, alcohol intake was significantly higher in the men (p ! 0.01). They preferentially drank wine. Fiber intake was near 25 g/day, without significant differences between men and women. Differences in energy intake between the genders did not reach statistical significance (table 3) . Protein and fat energy contributions were similar in men and women, but women presented higher carbohydrate (p ! 0.05) and lower alcohol (p ! 0.05) contributions.
Vitamin and mineral intakes are shown in table 4. Males displayed higher intakes of thiamin (p ! 0.01), riboflavin (p ! 0.05), niacin equivalents (p ! 0.01), retinol equivalents (p ! 0.001), and iron (p ! 0.001). Women showed higher intake of vitamin B 12 (p ! 0.05). Both genders displayed similar intakes of the other micronutrients. This population did not take dietary supplements.
No significant differences were observed between males and females with respect to albumin, protein or glucose serum values, levels of calcium, magnesium or vitamin E or the vitamin E/cholesterol ratio (table 5) . Total cholesterol levels were higher in women than men (p = 0.051). Serum retinol levels were also higher in women than men (p ! 0.05). Ferritin (p ! 0.01), hemoglobin (p ! 0.01) and MCHC (p ! 0.05) were significantly higher in male than in female participants, while serum iron was slightly, although not significantly, higher in males. No significant differences in hematocrit and MCV were seen.
Significant positive correlations were observed between serum iron and the intake of vitamin C (r = 0.204, p = 0.043) and meat (r = 0.403, p = 0.010), and between serum iron and serum ferritin (p ! 0.001). MCHC correlated positively with meat intake (r = 0.549, p = 0.001) and negatively with vegetable intake (r = -0.497, p = 0.002).
Vaquero et al. Percentage of calories from macronutrients and alcohol of the total daily energy intake. MeanBSD. 2 Median values in parentheses. Age-adjusted gender differences: * p ! 0.05 (ANOVA); ‡ p ! 0.05 (¯2 test).
Discussion
All varieties of the Mediterranean diet have in common the presence of oleic acid as the main culinary fat and high vegetable and fruit contents. Results indicate that the institutionalized elderly of the present study consumed an Atlantic diet, which includes abundant meat, vegetables, fruit, fish, dairy products, olive oil, and a moderate quantity of wine. The concept of the Atlantic diet is very new and refers to the dietary habits of European Atlantic-coast countries. It has been recently described in relation to the inhabitants of Northwest Spain and Portugal [26, 27] , but information concerning its health properties is scarce [28] . Therefore, although this study is not representative of the elderly population, it shows the nutritional status of elderly persons that presented a longterm consumption of an apparently health-promoting diet.
The diet consumed in the retirement homes, the majority of whose residents were born in El Bierzo County, reflected the general habits of the region. The mean energy intake of both men and women was 1.4 times over the BMR [24] . Energy intake was in the range of the individuals of the SENECA study [29] . Thirty-four percent of the population displayed excess weight (BMI 130 kg/m 2 ), and only 6% were underweight (BMI !20 kg/m 2 ) (data not shown). The prevalence of excess weight was higher than in other studies of elderly Spaniards [30, 31] or in the SENECA study [32] . Women tended to have higher BMI than men, as was the case in the above-mentioned studies. These elderly persons performed only light physical activity, which contributed to their excess weight.
The elderly men and women of the present study consumed about 600 g/day of vegetables, fruit and legumes (at least 5 servings per day), a value in the range of the current recommendations [33, 34] . The intake of legumes, three times a week on average, was quite high. Legume consumption in Spain in 1991 [35] was lower (F20 g per capita per day) than that of the present study participants, while that of the USA was less than one-quarter serving of beans per person per day in 1992 [36] . This food is highly recommended due to its vegetal protein, soluble fiber, micronutrient and bioactive component content [36] . Dietary fiber intake was also close to the recommended level, 25 g/day [33] . Men seemed to consume more soluble fiber (from legumes and fruit) and less insoluble fiber (from vegetables) than women, in addition to displaying a tendency to lower cereal intake than their female counterparts.
Fish consumption was as high as in the Mediterranean populations participating in the SENECA study [37] and coincides with that of another study in Northern Spain [38] . Compared to other Mediterranean diets, this Atlantic variety is characterized by a high fish content. The American Heart Association [33] recommends consuming at least 2 servings of fish per week, as was the case in the present study. Nevertheless, study participants consumed more lean than fatty fish. This population group may benefit from a higher fatty fish consumption in detriment of foods containing saturated fat. The high meat intake, similar to that of individuals of Betanzos (Galicia, Northwest Spain) participating in the SENECA study, was far above the recommended levels and much greater than that observed in other studies involving elderly Spaniards [30] . In contrast, cereal intake was lower than recommended in Spain [39] , while in other Mediterranean countries or Australian elderly who adhered to Mediterranean diets this consumption is higher [8, 37] . Nevertheless, meat consumption helped these elderly persons to maintain iron status, as revealed by the associations between meat intake and both serum iron and MCHC.
Wine was the alcoholic beverage most consumed by men (approximately two alcoholic drinks per day) and women (one drink per day.) This consumption can be considered moderate and may confer protective health effects [33, 40, 41] .
Fat contribution to total energy intake was rather high, in detriment to that of carbohydrates. Recent reports [42] indicate that adults should receive 45-65% of their calories from carbohydrates, 20-35% from fat and 10-35% from protein. Calories from alcohol seemed to replace those from other carbohydrates in the men. As a result, their energy profile was less suitable than that of the female study participants. Although fat intake was relatively high, the fatty acid profile was acceptable according to recent Spanish recommendations [39] . Polyunsaturated fatty acids (PUFA) were near 5%, which was below the 7-8% given as a goal in the Eurodiet report [43] but compatible with the Mediterranean diet and with low cardiovascular morbi-mortality risk. The diet provided an acceptable PUFA+MUFA/SFA ratio of approximately 1.5.
The intake of hydrosoluble vitamins probably covered the requirements of the participants, except in the case of folate. None of them consumed the current recommended dietary allowance (RDA) of 400 Ìg of folate/day, an amount that has been shown to result in healthy homocysteine levels and only 2 participants ingested more than the North American estimated average requirement of 320 Ìg/day [43, 44] . Folate also plays an important role in the elderly preventing mental deterioration, but it appears difficult to ingest 300-400 Ìg daily from food alone [45] . In contrast, vitamin C intake was considerably higher than the current reference values, in agreement with the majority of Spanish data [34, 46] . Low vitamin B 12 status is common in the elderly, due to reduced intake and loss of intrinsic factor activity necessary for vitamin B 12 absorption [43] . However, the requirements of this elderly group appeared to be covered according to the Spanish Dietary Recommended Intakes (DRI) [47] .
Vitamin E intake was low. Seventeen percent of the participants consumed the Spanish reference value (12 Ìg/day) and only 2 individuals ingested more than the North American RDA (15 Ìg/day) [48] . However, because PUFA intake was about 5% the vitamin E/PUFA ratio (mg/g), approximately 0.65, was acceptable [49] . The current recommended vitamin D intake in Spain for elderly persons is 15 Ìg/day [47] . Results show that the higher quartile of vitamin D intake was below one-fifth of this value. Fish is an important source of this vitamin. However, the high fish intake observed in these elderly persons was not enough to cover vitamin D recommendations values and they did not consume vitamin D-fortified foods (e.g. vitamin D-fortified milk) which are the principal source of vitamin D in some population groups. Moreover, it cannot be assumed that these elderly individuals received much solar radiation because they resided in institutions, did little physical activity and lived in El Bierzo County, a Spanish region characterized by long, rainy winters. Our results support the vitamin D paradox: the existence of low vitamin D status in Mediterranean countries where good exposure to sunlight is taken for granted. Data from the SENECA European study showed that Greece, Italy and Spain, all Mediterranean countries, exhibited the lowest plasma levels of 25-hydroxycholecalciferol levels [20, 21] . Therefore, we recommend that the elderly persons of the present study increase their vitamin D intake, consuming more fatty fish instead of lean fish, as we have mentioned before, using fortified foods or supplements, and participate in more outdoor activities in the sunlight.
A number of studies in Western countries report that mean magnesium and zinc intakes in the elderly are below the recommended amounts [9, 15, 16] . Reports also indicate that hospitalized or institutionalized elderly eat lower quantities of these two elements than persons of the same age group who live independently [16] . Accordingly, results show that magnesium and zinc may be insufficient for many of these institutionalized elderly. Intake of potassium reached appropriate levels in the elderly individuals of the present study [50] and the ratio sodium/ potassium ingested appears acceptable because little salt was added during cooking (mean sodium intake from food was 1.8 g/day). In contrast, iron intake was relatively high, coinciding with the findings of most authors [9] .
Increased calcium intake is recommended to prevent osteoporosis in the elderly. However, it seems difficult to ingest low-energy diets with high calcium density. The elderly persons of the present study did not consume mineral or vitamin supplements and appear to consume just enough calcium to protect their bones [47, 51] . To date, there is no consensus concerning the reference intakes of calcium and many factors, including physical activity, hormone status and diet determine calcium status. Regarding the diet, as reported by Tucker et al. [52] , the hypothesis formulated 35 years ago by Wachman and Bernstein is still of interest and should be taken into account. These authors based their hypothesis on the function of bone as a buffer base and indicated that (sic) 'it might be worthwhile to consider decreasing the rate of bone attrition by the use of a diet favoring alkaline ash, a diet rich in fruit, vegetables, vegetable protein and moder-ate amounts of milk'. These components are typical of the Mediterranean diet. More recent data support the positive effects of this diet associated with its content in magnesium and potassium compared with acid-producing diets and the resorptive effect of acid on bone cells [53] .
Evaluation of dietary nutrient intakes and serum albumin levels, which is within the normal ranges, indicates a good overall nutritional status. Serum total protein, calcium and magnesium values were also within the normal ranges for adult and elderly populations. The prevalence of hyperglycemia was 24% and that of hypercholesterolemia (serum total cholesterol 16.2 mmol/l) was 29%, the latter was specially seen in women.
Men exhibited higher serum ferritin and hemoglobin levels than their female counterparts. Two studies indicate that these gender differences tend to disappear in the very old (185 years) [9] . Some reports indicate that serum ferritin and iron balance increase with age [9] . However, there is no agreement on the effect of age because ferritin levels are known to increase in individuals with infections and inflammation, both frequent in the elderly, and can lead to overestimating iron stores. In the present study, serum ferritin values are in the range of those reported in the Framingham Heart Study [54] . Five percent of the women and 7% of the men had serum ferritin levels of !6 Ìg/l. These values are similar to data of other European [55] and American groups [56] . The French Research Group of Aging [57] , which excluded elderly anemic individuals from their study according to at least two of the three anemia indexes, detected iron deficiency in 8.8% of the study participants. They also found the opposite, high ferritin levels in almost 20% of the subjects after controlling inflammatory situations, suggesting elevated iron stores. In the present study, hemoglobin levels !130 g/l in men and !120 g/l in women (anemia WHO criteria) were observed in 6.7% of the participants, MCHC values !32 g/dl were observed in 11% of the subjects, and MCV !82 fl/l in 14%. Therefore, the prevalence of iron-deficient anemia was rather low. On the contrary, only 2 subjects (both women) had ferritin levels higher than the upper normal level indicating that excess iron stores were rare.
Serum retinol and ·-tocopherol levels were within normal ranges [58] . Values 130 Ìg/dl of retinol are associated with liver stores of this vitamin. Serum retinol was higher in women than men. This finding may be related to differences in carotenoid intake, which was significantly higher in women (data not shown) or to a different antioxidant status in men and women. Concentrations of ·-tocopherol were similar in men and women as well as the ratio ·-tocopherol to total cholesterol. According to Olmedilla et al. [58] , a ratio 15.2 mmol/mol may be considered protective against cardiovascular diseases. Therefore, the status of vitamin A and E in these elderly groups appeared adequate in agreement with the results of dietary intake.
Conclusion
The elderly population of this study consumed what can be defined as an Atlantic-Mediterranean diet, rich in meat products, fish, vegetables, fruit, olive oil, and dairy products, but poor in cereals. This diet covers most of the DRI for nutrients, except for vitamin D and folate. This is confirmed by the studied hematological and serum mineral and vitamin levels, which are within normal ranges. To improve their nutritional status, this institutionalized elderly population should be encouraged to consume more fatty fish (a good source of vitamin D) and leafy green vegetables (a source of folate), in addition to fortified foods such as vitamin D-fortified milk and folatefortified cereals. These foods should substitute others rich in saturated fat. In addition, we recommend regular exercise and participation in outdoor activities that ensure sun exposure. Despite these measures, however, certain individuals may require specific dietary supplements.
